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Introduction 
 
Polyculture and integrated tree cropping, animal husbandry and crop cultivation was the practice since 
the beginning of the civilization which was eco-friendly, independent, self-sustaining and cost 
effective. Such a system was dialectical in approach taking into consideration not only the human 
needs, but also aiming at sustaining the nature and the life support systems. 
 
 On the other hand the green revolution technology necessitated use of high cost external 
inputs like machinery, high yielding and/or hybrid seeds, agro-chemicals and monocropping. The 
common myth is that food production is impossible without the use of the chemical technology for the 
huge population. But we now see the ecological crisis created by this technology. In fact, there is even 
technology fatigue. If we analyze the reasons for this crisis, at least three points emerge. First, is the 
huge subsidy provided on agro-chemicals. For the year 2008-09, the GoI provided Rs 1190 billion as 
subsidy on fertilizers alone. Second, the farmers are not aware of the irreparable damage caused to the 
soil microorganisms including the earthworms. The soil is a living system. And it is becoming sterile. 
Third, agro-chemicals lead to nutritional disorders, if not properly used. We are seeing phosphate 
induced zinc deficiency in groundnut. Use of fertilizer N is skewed leading to increased pests and 
diseases. Evidently the reductionistic approach in production systems by moving from independence 
(internalized) to dependent (externally supported) production systems has failed. 
 
 In fact all linear movements end up at a dead end or in a final dissolution of material 
resources. Nature does not follow linear path. It is more cyclical and renewing. Thus it is dialectical. 
Thus the basic clue on the problem of sustainable economic development lies in the ecologically 
sound use and development of the natural resources. And humans are the foremost natural resource 
who alone can either destroy or sustain the nature and the life supporting systems. 
 
 In the following discussions, the attempts in revival of the traditional ecological farming that 
can achieve sustainable economic development are presented. 
 
 The earlier systems of farming the importance of the soil biota and the present efforts for 
revival of the earlier systems of farming are also discussed. 
 
Changing paradigms in agriculture 
 
Magaloff (1997) provided a schematic change in agriculture from 18th century to the present as 
follows. 
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Changing paradigms in agriculture 
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 Thus the earlier system was a continuum of soil-water-plant-livestock-humans which now 
stands desegregated. Over the last four decades, industrialization in crop, milk, egg, meat and other 
agricultural commodities production destructed the complimentary and supportive farming systems 
(Narayan Reddy 2008). Earlier the cattle manure, dung and refuse from the stockyards were an 
essential source of crop nutrition. Sheep penning and tank silt application were common. Enough 
biomass was generated and besides the refuse, green manuring and green leaf manuring were also in 
use. 
 
 Importance of regenerative natural resources is highlighted for sustainability. That is what 
smallholders do. Such natural farming systems have also been explained by many. The women have a 
major role in such systems. For instance in the tribal region of Jharkhand, the women practice 
sustainable natural farming. They use traditional farming practices such as crop rotation, mixed 
farming, use of organic farm manure, green manuring, use of traditional varieties with traditional crop 
protection measures (Bara and Sumayao 1996). The women perceived their traditional farming as 
economically viable because it ensured food, fuel and fodder for the whole year while using low 
external inputs. 
 
 While discussing Jhum cultivation Jackson (2001) placed ‘nature’s agriculture’ as an 
alternative. He took inspiration from Howard (1940) and presented the following scheme. 
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 Sada (1989) described in detail the concept of Natural farming of Okada (Japan). Similarly 
Bhaskar H Save and Sanghavi (1993) dealt with natural farming. Some highlights of their concepts 
include the following. 
 
• Natural farming is a path; not a technique 
• Weeds are a blessing; chemical fertilizers are interference in the life of the soil 
• Cooperation is the basic principle of nature 
• The practical philosophy for maintaining environmental balance is: live and let live 
• The life of all plants and creatures is dependent on the condition of the soil Farming 
should be done with minimum interference in the ways of nature 
• Nature’s tillers are earthworms 
• Inorganic fertilizers are a threat to humus 
• Humus plays a vital role in growing tasty and wholesome food 
• Only healthy, living fertilizer can nurture healthy plants 
• Only healthy plants can provide health to human kind  
• Living soil is the foundation of plant growth 
• Cooperate with the organisms of the soil 
• Trees do not require much. Just keep the soil alive  
• Trees need moisture, not a great deal of watering 
• Trees are the nectar of the living earth 
• Natural farming is only possible through compassion. 
 
 To reiterate, all the above practitioners bring into sharp focus that eco-friendly sustainable 
production systems are feasible through internalization and maintain a continuum between humans, 
crops, livestock and soil. 
 
Importance of soil biota 
When internalized production systems are in practice, there would be enough humus in the soil, 
through turning over annually / seasonally of organics. The soil organic matter (SOM) to-day is 
dysnally low in our cultivated soils. Consequently the soil biota are declining, both in quantity and 
activity. Thus the soil is losing its production potential. Not only that, it has lost the resilience in 
withstanding moisture stress, that would be intermittent in rainfed agriculture.  SOM is the source of 
energy for all the useful heterotrophic microflora as well as fauna. 
 
 Stevenson (1964) made an excellent inventory of the soil biota. Bulks of the biota are limited 
to the first 15 cm soil. The microbial biomass could vary from 1-2 tonnes / ha. The distribution of 
various microflora are 
 
Nature of nutrition Microorganisms Numbers 
Bacteria Mostly heterotrophic  Two millions / g in poor soils 
Hundreds of millions / g in good soils  
Actinomycetes Heterotropic 100,000 to 10 millions / g 
Algae Photoautotrophic Upto 40,000 / g 
Protozoa Microbial cells Upto 50,000 / g 
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 Stevenson further pointed out that the microbiological balance in soil is at dynamic 
equilibrium and as such not static. It is the SOM that greatly affects the equilibrium. Others that 
influence the balance include season, temperature, moisture and cropping systems. 
 
 
Broad composition of the soil biota 
 
Bacterial: They are divided into two groups – heterotrophic and autotrophic. The 
heterotrophs are the vast majority and depend on the oxidation of organic 
compounds for their energy. On the other hand autotrophs derive their energy 
from the oxidation of inorganic substances. Most of the heterophs are the 
useful bacteria in crop / tree production. 
Actinomycetes: There include a) yeast like forms, b) VAM and c) free-living filamentous 
forms of fungi. 
Algae:  BGA is the classic example. 
 
Activities of microorganisms 
 
 Swift et al (1998) broadly grouped the activities and the micro-organisms involved as 
follows. 
 
Activity    Soil community 
Decomposition    Bacillus, Pseudomonas, Arthrobacter, 
Chromobacterium, Fungi like Aspergillus, Penicillium, 
Chaetomium, Actinomycetes like Streptomyces, 
Nocardia, Micromonospora 
Improvement of rhizosphere  N-fixing bacteria, Phosphate solubilising bacteria, 
Mycorrhiza, Microflora like Algae, Yeast, Microfauna 
like Protozoa, Nematodes 
Burrows & nests    Earthworm, termites 
Soil aggregates Fungi (Rhizophus, Chaetomium, Fusarium), 
Actinomycetes (Nocardia, Streptosporangium), Bacteria 
(Azatobactor, Bacillus,  Beijerinckia) 
 
 More recently efforts are being made to identify Rhizobacteria that would promote plant 
growth through various processes.  Among others, these include nitrogen fixation, solubilization 
of phosphorus, scavenging of zinc, antagonising or suppressing pathogens, providing hormones 
and other growth promoting substances.  Another important activity is looking for chelation of 
micronutrients like iron through siderophores.  There are certain soil biota that suppress or 
antagonise the activity of other species.  For instance actinomycetes and nematodes are known to 
suppress the activity of rhizobia.  Similarly, there are some species that are harmful.  These soil 
biota might reduce the availability of the nutrients to other forms that could even be deleterious to 
crop plants.  They include; 
- Bacillus denitrificans 
- Pseudomonas denitrificans 
- Desulfovibrio desulficans 
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 Some create diseases in the plants. 
 
 With such complex biota, more often the efficacy of any particular species can be masked 
with the competing demands for the nutrients as well as energy as in the case of heterotrophic 
organisms.  Thus the ecological requirements for different biota need be addressed to harvest the 
best out of these tiny organisms. 
 Specific attention is needed on three of the above soil biota. They include earthworms, 
VAM and termites.  
  
Some details 
 
 Importance of earthworms Earthworms improve soil structure, soil fertility, promote soil 
aggregation, encourage favourable soil reaction and enrich the nutrient status of soils thereby 
promoting plant growth and improving the quality of the plant produce (Ismail 1999). 
 
 The earthworms open the soil by making burrows (8-30% by volume), thereby facilitating the 
infiltration of air and water. These burrows would be colonized by the roots of the plants. They 
neutralize the soil pH. The other function of earthworms is to eat and digest the soil alongwith debris, 
mix it with organic matter and throw it out in the form of castings. These small heaps of castings are 
suppliers of nutrients to the soil. They weigh 3-10 tonnes / ha depending on the soil type and rainfall. 
• Two times the available Mg 
• Five times the available N 
• Seven times the available P 
• Eleven time the available k 
• Thousand times more microorganisms  
 
than the surrounding soil 
 
 Similar results were reported by Russell (1960). The chemical composition (ppm) of castings 
vis-à-vis adjacent soil was as indicated in the following table. 
 
Nutrient value earthworm castings 
 
Nutrient Casting Adjacent soil (0-15 cm) 
Ex.Ca 2790 1990 
Ex.Mg 492 162 
Ex.K 358 32 
Avl.P 21.9 4.7 
C (%) 5.17 3.35 
 
 The most important effect of earthworm is the stimulation of microbial activity that occurs in 
the casts. This enhances the transformation of soluble nitrogen into microbial protein, thereby 
preventing (a) losses by leaching to the lower horizon in the soil column and (b) avoiding excess N 
and thus preventing NO3-N causing health problems to humans and luxury consumption by the plants. 
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 The important requirement for earthworms to be effective is the easy availability of organic 
matter and the soils remaining moist, but not waterlogged (Russell 1960). Ca-supply should be 
adequate. Heavy soils are not a good abode for them. 
 
 The other important effect of soil fauna (in particular earthworms) is enhancing soil porosity 
through the burrowing. The porosity enable roots to easily penetrate into the subsoil and encompass 
more volume of soil. Without or even reduced porosity leads to reduced conditions, whenever a big 
rain event occurs, more so in heavy textured soils or soils with compact layers in sub-surface zone. 
Then a series of unfavorable changes can occur (Page and Bodman 1961). For instance 
 
Component Change 
Carbon dioxide Methane 
Nitrate Nitrous oxides 
 Ammonia Elemental N 
Sulphate Hydrogen sulphide 
Ferric iron Ferrous iron 
Manganese form  Magnanous form 
  
 All these are toxic to crop plants. So earthworms as well as deep rooted crops grown in 
rotation help in burrow formation and enhance porosity and avoid such eventualities. Even organic 
recycling leads to better soil aggregation, thus encouraging soil porosity. 
 
Vesicular – arbuscular mycorhizal fungi (VAM) 
  
Of the various soil microorganisms, perhaps the most is known about mycorrhizal fungi.  Of these the 
vesicular-arbuscular mycorrhizal fungi (VAM) are the most common type (Malajczuk et al 1992).  
The fungal hyphae enter the root cells causing no noticeable structural changes on the outside of the 
roots.  The name, vesicular arbuscular, comes from structures which are found within the root cortical 
cells : vesicals, which are thaught to be the storage or reproductive structures ; and arbuscles, 
branched multiple tipped hyphal structures within the plant cells.  VAM fungi associate with both 
legumes and cereals.  The extent to which the roots are colonized by the VAM is one of the key 
determinants of a roots ability to acquire nutrients from the surrounding soil.  Mycorrhizae improve 
seedling growth and survival by enhancing the uptake of nutrients and water and increasing the root 
life span.  VAM also helps in protecting the root against other microorganisms and other 
environmental stresses such as heavy metal toxicity or soil salinity.  They are thought to be crucial for 
acceptable growth and survival of plants in many cases such as nutrient deficient soils or degraded 
habitats, arid ecosystem and drought (Barea 1991). 
 
VAM activities can be affected by the level of soil fertility, which in turn is “modified” by the 
VAM by changing the ability of a plant to use the nutritional potential of a given soil (Barea 1991).  
He further stated that the “VAM effect” is mainly accounted for by the changes they induce in the 
phosphate uptake properties of the root system.  The VAM mycelia grow beyond the zone depleted of 
slowly diffusing nutrients.  Thus, VAM leads to a better exploitation of soil phosphates and to more 
efficient use of fertiliser phosphorus.  Powell (1984) had shown that uninoculated plant need more 
phosphates than inoculated ones. 
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It is clear that VAM can be harnessed to improve the productivity in agriculture, horticulture 
and forestry by (i) reducing the input of fertiliser and (ii) by enhancing the plant survival, thus saving 
environmental and ecological costs. 
 
Termites 
It is very unfortunate that termites or white ants are branded as enemies in agriculture. Actually the 
termites and earthworms are the builders of the soil, aptly known as ‘soil engineers’. Narayana Reddy 
(2008) would say that termites are the chief engineers and earthworms are assistant engineers. They 
create a huge amount of space in the soil, that helps in improving the availability of air (oxygen for 
the roots) and infiltration of water into the soil. Many people think that termites would kill a plant or 
tree, which is a myth. Actually they eat way a plant while it is struggling to dry away due to lack of 
moisture. It is like mercy killing. They graze only on dead bark of the tree which otherwise could 
have encouraged fungus growth during rainy season. In reality, the termite hill built up with their 
saliva moistened mud is not only fertile but also a very good antibiotic. We use this termite hill mud 
for bathing and shaving. In many African countries it is applied in the pit before planting saplings. 
 
Livestock 
 
 Coming to Livestock, the functional interaction of livestock farming between human needs 
and livestock production were depicted by Peters (1999) as shown below. 
 
Human needs Contribution of livestock production 
 Food security  Food production function 
− Balance of need and availability − basis for subsistence 
− Avoidance of temporary food shortages − market supply 
− Adequate food quality  
− Avoidance of nutritional deficiencies 
 Insurance, capital formation and income 
function 
 − Short- and long-term risk cover 
 Employment and income creation − economic viability 
 Environment protection  
− Soil fertility  Farm integration function 
− Biodiversity − Nutrient transfer and supply of manure 
− External effects − Supply of draught and pack animals 
Functional interaction in livestock farming (Peters, 1999) 
 
 In a study at TNAU the nutrient additions/year in various livestock based systems are as 
follows: 
 
1.  10 cents fish pond + 20 fowls  
       (400 fingerlings) 
 700 kg droppings 
 34 – 21 – 10 
N  – P205  – K2O 
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2.  3 adult cows + 2 calves  
 As FYM (12 tonnes) 
113 – 67 – 86 
N  – P205  – K2O 
 As Biogas + Slurry 
(730 cubic  meters   (11.0 tonnes) 
157 – 133 - 114 
N  – P205  – K2O 
 
3.  20 + 1 small ruminants under deep litter system  
 Droppings: 4860 Kg;  Coir pith for stall : 2500 kg; Total 7360 kg 
Nutrients   132 – 70 – 60  
N  – P205  – K2O 
 
REVIVAL OF THE EARLIER SYSYSTEMS 
 
 Having seen the importance of soil biota in improving the productivity of crops and realizing 
that soil has to be a living system, we should understand the importance of maintaining SOM. Of 
course SOM could be built back upto the limit imposed by the ecology. 
 Ecology is the relationship between organisms and their environment, including their 
relationship with other organisms. Environment is the total of all surroundings and natural conditions 
that affect the existing living organisms on earth, including air, water, soil, minerals, climate and 
organisms themselves. 
 
 Then we can realize that we moved away from ecological agriculture to chemical agriculture. 
The consequences thereof were aptly described by Jenny and Raychoudhuri (1960) thus. 
 
 Exploitative agriculture leads to loss of SOM - Historic Nitrogen – time Function (hypothetical) for 
Loam Soils of the Indo-Gangetic Divide (Jenny & Raychoudhari 1960) 
 
 It is clear, exploitative agriculture destroyed the SOM and thereby the productivity. 
 
ECOLOGICAL FARMING 
 
 Presently efforts are to move back to ecological farming. They pathway is  
 
Chemical    LEISA     Organic   Ecological 
(GO)   (NGO; GO)   (NGO; GO)   (NGO) 
 
 We place below a few examples of ecological farming. 
 
Narayana Reddy farm: At Srinivasa pura of Dodaballapura taluk of Karnataka, he is practicing 
ecological farming. In this small farm, he has a viable dairy unit with a gobar gas plant, a small 
poultry unit, a farm pond with fish rearing, arable farming with facility for protective irrigation 
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(through a bore well) and a host of trees (MPTs, condiments, coconuts, areca nuts). He is very 
efficient in recycling and benefits from the synergies of crop-tree (Seregeldin 1999) and crop-
livsetock (Kurein 2001). Lessons learnt from him include 
 
i) With reversal to ecological farming from chemical agriculture, the yield decline is 
60% 
ii) It takes 4-5 years to achieve the full yields, as obtained in chemical agriculture. In due 
course it may surpass even those yields 
iii) The organics used include Gliricidia, green leaf manure, compost/vermi-compost, 
cowdung slurry, crop residues and burnt rice husk 
iv) The farm produces foodgrains (ragi, rice), oilseeds (groundnut), pulses (greengram, 
pigeonpea, field beans), condiments, coffee, medicinal plants, eggs, milk and meat 
v) The new varieties of crops are used 
vi) Protective irrigation is carried out 
vii) The present average yield of crops are: 
 
Crop     Yield (q/ha) 
Ragi       60 
Rice     120 
Maize       70 
Popcorn      40 
Soybean      20 
 
 However, it may not be feasible to totally adopt ecological farming.  While on-farm recycling 
should be the main goal, lesser and need based use of external inputs only should be allowed. 
Application of some N for the first two years and subsequent application of some P are examples.  
 
 There are several such examples. Some are shown in the table below. 
 
 Such instances are many, but still remain as case examples. We need to move faster as 
ecological farming is eco-friendly, independent, regenerative, cost effective and farmer friendly. In 
fact it is an internalized production system. And to achieve this goal, government should subsidize, oil 
cake production, compost making, worm composting, cultivation of green manure crops, use of bio-
fertilizer and bio-gas plants, livestock breeding, tree cropping, etc to increase vegetative cover to 
conserve and improve soil productivity. Use of botanicals and effective microorganisms for ecological 
farming must also be subsidized. 
 
 Systems like System of Rice Intensification (SRI) must also be subsidized as the system use 
less water, fewer seeds and more of organics. Then we can see the new era of healthy food 
production, healthy people and a healthy NATION. 
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Integrated farming systems  
Systems Nutrient management Source 
• The washout of cattle enclosures into the 
rice fields 
• The leaves of neighboring trees as green 
leaf manuring 
1. Zabo system (details given 
elsewhere) 
• Application of cattle manure  
Prasad and 
Sharma (1994) 
• Rice straw @ 10t/ha allowed to 
decompose in situ 
• Pig and poultry droppings, rice husk, 
kitchen waste, ash and weeds are 
incorporated  
2. Rice based farming system 
in Apatani plateau in 
Arunachal Pradesh. It is 
growing rice in terraces in 
the Apatani valley  
• After harvest of rice crop, cattle are 
allowed to graze, thereby adding dung 
and urine to the fields  
Prasad and 
Sharma (1994) 
• The pond mud of 0.3 – 0.6 m depth is a 
good sediment containing 0.32 to 4.77% 
organic-C and is used as a valuable 
manure  
3. Paddy-cum-brackish water 
fish and prawn culture. It is 
practised in West Bengal 
and Kerala. Fish-cum-
farming is practised in parts 
of NE India 
• The sediment is also rich in adsorbed 
NH4-N and available P. 
Venkateswarlu 
(1999) 
• The duck / poultry droppings amount to 
10t/ha/year, contributed by 300 layer 
birds or 150-200 broiler birds reared in 
cages 
4. Fish-cum-duck poultry 
culture is also practised in 
parts of NE India. The 
ducks are reared adjacent to 
ponds • This nutrient mass is a good feed for the 
fish 
Venkateswarlu 
(1999) 
5. Silvi-horti-livestock 
integrated system. The 
system is proposed by the 
National Pulses Research 
Centre and internalized. It 
includes fruit trees and 
MPTs along with fodder 
crop in the alleys. A goat 
unit of 1 buck an 5 does and 
a dairy unit of one milch 
cattle are integral in the 
system 
• The loppings and leaf litter of the MPTs 
are the nutrient supplying system. 
• The dung of the milch animal is used as 
manure, besides the excrete of the small 
ruminants 
 
Ganesh et al 
(2000) 
 
 
 
REFERENCES 
 
Bara, N. and B.R. Sumayao (1996) Women’s contribution to sustainable agriculture in the tribal 
region of Bihar, India. Philippines Agriculturist (79), 97-108 
Barea, J.M. (1991) VAM as modifier of soil fertility. Adv. Soil Sci. 15:1-40 
Ganesh, C, C. Swaminathan and K. Vairavan (1999) Intensive farming systems for semiarid regions: 
To-day’s indispensable venture. LEISA India 2 (3), 21-22 
 47 
Howard A. (1940) An agricultural testament. Other Indian Press, Goa pp 262 
Ismail, S. (1999) The contribution of soil fauna especially earthworms – to soil fertility. In The 
organic farming reader. Eds. Alvares, C., V Shiva, S. Ismail et al. Other Indian Press Goa, p 
177, 183 
Jackson, M.G. (2001) Let us take another look at Jhum cultivation. Asian Agri-History 5 (3) 197-223 
Jenny, H. and S.P. Raychoudhuri (1960) Effect of climate and cultivation on N and organic matter 
reserves in Indian soils. ICAR, New Delhi 
Kurein, V. (2001) Value-based crop-livestock production systems for the future in semiarid tropics. In 
Future agriculture in semiarid tropics. Eds. Bantilan, M.C.S. et al ICRISAT, p 73-82 
Magaloff (1997) Agric. + rural development 4(1) 
Malajchuk, N., N. Jones and C. Neely (1992) The importance of mycorrhiza to forest trees. Resources 
Series. No. 2. World Bank, Washington 
Narayana Reddy, L. (2008) Series of communications in LEISA India 
Peters K.J. (1999). Livestock production and food security – consequences for the environment. 
Agric. + rural development 6(1): 43-47 
Russell, E.W. (1960) Soil conditions and plant growth. Longmans. 9th Edition. p 599 
Sada, T. Ed. (1989) Nature farming. Nature farming Intl. Res. Foundation, Japan, pp 34 
Save, Bhaskar H and Sanghavi (1993) In The way to health, wealth and happiness, Studio Bahar, 
Mumbai 
Seregeldin, I. (1999) Science in the service of humanity: the challenges for agricultural research in 
India and the World. Commencement address at the convocation of ANGRAU, Hyderabad, p 
11 (mimeo) 
Stevenson, I.L. (1964) Biochemistry of soil. In Chemistry of the Soil. Ed Bear, F.E. (1964) Oxford & 
IBH Publishing Co. Calcutta, p 242-291 
Swift, M.J., P. Mafongoya and P.S. Ramakrishnan (1998) Soil biodiversity: an essential foundation 
for sustainable soil fertility. In Crop productivity and sustainability - shaping the future. Eds. 
Chopra V.L. et al, Oxford & IBH Publishing House, New Delhi p 321-334 
Venkateswarlu, J. (1999) Technical manual on Watershed Management (5 Volumes), MANAGE, 
Hyderabad. 
